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FREQUENCY MIXING CIRCUIT AND METHOD FOR SUPPRESSING LOCAL OSCILLATOR

LEAKAGE THEREIN

Embodiments of the present invention disclose

a frequency mixing circuit and a method for suppressing
local oscillation leakage in the frequency mixing circuit,
where a mixed input signal and a local oscillation signal
are involved, and local oscillation leakage can be effec-
tively reduced by using a frequency mixing circuit whose
structure is simpler and is easier to be implemented. The
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frequency mixing circuit includes a direct current bias cir-
cuit, where the direct current bias circuit includes a direct
current bias voltage source used for reducing a local os-
cillation current. The frequency mixing circuit is mainly
applied to frequency mixing, and especially to a case
where an intermediate frequency signal is mixed with a
local oscillation signal to output a radio frequency signal.

9

/
control [ it
/ circuit X

/Radiu frequency

RF

7 %— i
v
10

AN

Level
[T control “Tocal
circuit | oscillati

on L\

8

Galvanometer

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 685 629 A1 2

Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201110083379.3, filed on April 2,
2011 and entitled "FREQUENCY MIXING CIRCUIT AND
METHOD FOR SUPPRESSING LOCAL OSCILLATION
LEAKAGE IN FREQUENCY MIXING CIRCUIT", which
is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a mixed input
signal and a local oscillation signal, and in particular, to
a frequency mixing circuit and a method for suppressing
local oscillation leakage in the frequency mixing circuit.

BACKGROUND OF THE INVENTION

[0003] Frequency mixing, which is also called frequen-
cy conversion in terms of engineering, is a process of
converting one value of a frequency of a signal into an-
other value. A circuit that implements this frequency mix-
ing function is called a frequency mixing circuit or fre-
quency conversion circuit, and is also called a frequency
mixer or frequency converter.

[0004] The frequency mixing circuit has been widely
applied to communications engineering and wireless
technologies. Generally, every wireless communications
apparatus has a transmitter and a receiver, where the
transmitter is configured to convert user data into a radio
frequency signal for data transmission, and the receiver
is configured to convert a received radio frequency signal
into user data for data receiving.

[0005] The frequency mixing circuit plays an important
role in transmitting/receiving a radio frequency signal, no
matter in a transmitter or a receiver. In the transmitter,
the frequency mixing circuit mixes an input signal (a
baseband signal or an intermediate frequency signal)
with a local oscillation signal to generate a to-be-trans-
mitted radio frequency signal. In the receiver, the fre-
quency mixing circuit mixes a radio frequency signal re-
ceived by an antenna with a local oscillation signal to
generate a baseband signal or an intermediate frequency
signal.

[0006] The frequency mixing circuit is more widely ap-
plied especially in a superheterodyne receiver, for exam-
ple, converting an amplitude-modulated 535 KHZ-1605
KHZ signal into a 465 KHZ intermediate frequency signal
by an AM broadcast receiver, converting a modulated
48.5 M-870 M image signal into a 38 MHZ intermediate
frequency image signal by a television receiver, and one
intermediate frequency and double intermediate fre-
quency in mobile communications.

[0007] A superheterodyne architecture is a main fre-
quency-conversion manner of a current microwave
transmitter, as shown in FIG. 1, which mixes information
or an intermediate frequency modulation signal IF with a
local oscillation signal Lo whose frequency is higher, and
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boosts a modulation signal carrier to a radio frequency
RF.

[0008] A frequency of a signal carrier is converted from
fir to frr, and their relation may be fre = f; o + fir Or fre
= f o - fi=- Due to nonlinearity of the frequency mixing
circuit, frequency components of an output signal may
be expressed as fgrr = n*f; 5 + m*f;r, where n and m are
integers.

[0009] If fre = fio + fir is taken as an output signal of
the frequency mixing circuit, generally, in addition to this
signal, a spurious signal f; 5 is further included at an RF
outputting port of the frequency mixing circuit, that is,
local oscillation leakage occurs.

[0010] To reduce the local oscillation leakage of the
frequency mixing circuit, a filter may be used in the fre-
quency mixing circuit. As shown in FIG. 2, by using fre-
quency selectivity of the filter, a radio frequency signal
can pass, and alocal oscillation frequency is suppressed.
[0011] By adoptingthe foregoing solution to reduce the
local oscillation leakage of the frequency mixing circuit,
the filter needs to have better frequency selectivity, and
the interconnection between the filter and a system is
relatively complicated; and furthermore, performance of
the filter is greatly affected by a process capability, so
that implementability is poor. In addition, because the
filter is an element that has frequency selectivity, and a
frequency selectivity feature contradicts with wide area
coverage of a frequency, this solution cannot satisfy a
requirement of a broadband application of the frequency
mixing circuit.

SUMMARY OF THE INVENTION

[0012] Embodiments of the present invention provide
a frequency mixing circuit and a method for suppressing
local oscillation leakage in the frequency mixing circuit,
so as to effectively reduce local oscillation leakage by
using a frequency mixing circuit whose structure is sim-
pler and is easier to be implemented.

[0013] To achieve the foregoing objective, the embod-
iments of the present invention adopt the following tech-
nical solutions:

[0014] A frequency mixing circuitincludes: a directcur-
rent bias circuit, where the direct current bias circuit in-
cludes a direct current bias voltage source used for re-
ducing a local oscillation current.

[0015] A method for suppressing local oscillation leak-
age in a frequency mixing circuit, where the frequency
mixing circuit includes a direct current bias circuit, and
the method includes the following steps:

calculating a value of V, according to formulas

A1 £ (@, Vi Vi V)1
av,

and
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d*| (a5 00,V Vi V)| 20
d’v,

2
where V, represents a voltage value of a direct cur-
rent bias voltage source, a4,a,,...,a, represent coef-

ficients of voltage values in a relation between a cur-
rent and a voltage across a nonlinear resistor, k rep-
resents a non-zero natural number, V|, represents

a voltage value of a local oscillation voltage source,
V|r represents a voltage value of an intermediate

frequency voltage source, and f;(a4,ay,....a5 Vo
Vi, V) represents a value of a local oscillation cur-

rent; and
setting a voltage value of a voltage source of the
direct current bias circuit to V.

[0016] With the frequency mixing circuit and the meth-
od for suppressing local oscillation leakage in the fre-
quency mixing circuit provided in the embodiments of the
presentinvention, a direct current bias circuit that is sim-
pler and is easier to be implemented is disposed in a
frequency mixing circuit; when a voltage value of a bias
voltage source of the direct current bias circuit changes,
a value of a local oscillation current also changes corre-
spondingly; and when the voltage value of the direct cur-
rent bias voltage source is a certain specified value, the
value of the local oscillation current can be decreased,
thereby effectively reducing local oscillation leakage of
the frequency mixing circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] To illustrate the technical solutions in the em-
bodiments of the presentinvention orin the prior art more
clearly, the following briefly introduces the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show merely some embodiments
of the present invention, and a person of ordinary skill in
the art may still derive other drawings from these accom-
panying drawings without creative efforts.

FIG. 1is a schematic diagram of a superheterodyne
architecture in the prior art;

FIG. 2 is a schematic diagram of a structure for re-
ducing local oscillation leakage of a frequency mixing
circuit by using a filter;

FIG. 3 is a structural diagram of a frequency mixing
circuit according to an embodiment of the present
invention;

FIG. 4 is a diagram of a structure for implementing
frequency mixing by using a field effect transistor
FET;

FIG. 5 is a diagram of a structure for implementing
frequency mixing by using a diode;

FIG. 6 is a principle diagram of the frequency mixing
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circuit shown in FIG. 3;

FIG. 7 is a structural diagram of another frequency
mixing circuit according to an embodiment of the
present invention;

FIG. 8 is a flow chart of a method for suppressing
local oscillation leakage in a frequency mixing circuit
according to an embodiment of the present inven-
tion; and

FIG.9is aflow chart of another method for suppress-
ing local oscillation leakage in a frequency mixing
circuit according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the present invention. Apparently,
the embodiments to be described are merely a partrather
than all of the embodiments of the present invention. All
other embodiments obtained by a person of ordinary skill
in the art based on the embodiments of the present in-
vention without creative efforts shall fall within the pro-
tection scope of the present invention.

[0019] An embodiment of the present invention pro-
vides a frequency mixing circuit, and as shown in FIG.
3, the frequency mixing circuit includes a direct current
bias circuit 1, where the direct current bias circuit 1 in-
cludes a direct current bias voltage source 2 used for
reducing a local oscillation current.

[0020] This embodiment is applicable to a manner for
implementing frequency mixing by using a field effect
transistor FET shown in FIG. 4 and a manner for imple-
menting frequency mixing by using a diode shown in FIG.
5.

[0021] The field effect transistor FET may be equiva-
lent to a nonlinear resistor. A principle of the frequency
mixing circuitshown in FIG. 3 is analyzed in the following.
First, according to an existing method, structures shown
in FIG. 4 and FIG. 5 may be equivalent to a circuit shown
in FIG. 6.

[0022] AsshowninFIG. 6, the frequency mixing circuit
includes a local oscillation voltage source 3, an interme-
diate frequency voltage source 4, a direct current bias
voltage source 5, a nonlinear resistor 6, source imped-
ance Rs for generating an excitation signal, and load im-
pedance R1.

[0023] Itis assumed that a relation between a voltage
and a current across the nonlinear resistor 6 satisfies the
following relation:

n=k

1= ZanV”

n=1

k <(1), where Irepresents a current

2
across the nonlinear resistor 6, V represents a volt-
age across the nonlinear resistor 6, and a,, repre-

sents a coefficient that indicates a device feature.
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[0024] A total loop voltage source
Va=V| *cosw, t+V|*coswet+Vb  (2), where Va
represents a voltage value of the total loop voltage source
and includes a direct voltage and an alternating voltage,
V|, represents a voltage value of the local oscillation
voltage source 3, V- represents a voltage value of the
intermediate frequency voltage source 4, and V,
represents a direct voltage value of the direct current bias
voltage source 5.

[0025] Directcurrent values generated by the local os-
cillation voltage source 3, the intermediate frequency
voltage source 4, and the direct current bias voltage
source 5 may be obtained by substituting formula (2) to
formula (1).

[0026] A direct current value generated by the direct
current bias voltage source 5 is: I, = fy(a4,a2,....8, Vo,
Ve V), where I ;. represents the direct current value gen-
erated by the direct current bias voltage source 5, and
ay, ay,..., a, represent coefficients of voltages across the
nonlinear resistor 6 in formula (1).

[0027] A current generated by the local oscillation volt-
age source 3 is: I}, = f;,(@41,82,-...84 V| 0. ViE Vp)-

[0028] Multiple different voltage values V,, are set for
the direct current bias voltage source 5, and /., V, ,, and
V| that correspond to each voltage value V,, may be
obtained through measurement. The coefficient a,, in the
expression of the nonlinear resistor 6 may be obtained
by using a data-fitting method.

[0029] The obtained coefficient a,, in the expression of

the relation between the voltage and the current across
the nonlinear resistor 6 is substituted to f; ,(a¢,a,,...,ay,

Vio» Vie. V). A value of V, is calculated according to

d| (@2 sV Vi V)|
av,

2
4 d |fLo(a1aa2a'"’ak’VLo’V]F’Vb)|
2
dv,
the V,, that is obtained through calculation can make a

value of |f; ,| minimum. The |f; ;| is minimum, that is, the

local oscillation current is minimum. If a voltage value of
an external direct current bias voltage source is set to
the foregoing V,, thatis obtained through calculation, sup-

pression of the local oscillation leakage in the frequency
mixing circuit can be implemented.

[0030] Withthe frequency mixing circuit provided in this
embodiment, a direct current bias circuit that is simpler
and is easier to be implemented is disposed; when a
voltage value of a direct current bias voltage source
changes, a value of a local oscillation current also chang-
es correspondingly; and when the voltage value of the
direct current bias voltage source is a certain specified
value, the value of the local oscillation current can be
reduced, thereby effectively reducing local oscillation
leakage of the frequency mixing circuit.

[0031] As an implementation manner of this embodi-
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ment, the frequency mixing circuit provided in this em-
bodiment is also applicable to a case where a radio fre-
quency signal is mixed with a local oscillation signal to
output an intermediate frequency signal.

[0032] As another implementation manner of this em-
bodiment, the direct current bias circuit 1 may also be
disposed on a local oscillation signal side or a radio fre-
quency signal side.

[0033] Asanimprovementto this embodiment, an em-
bodiment of the present invention provides another fre-
quency mixing circuit. As shown in FIG. 7, the frequency
mixing circuit may include an intermediate frequency in-
putting port 7 used for inputting an intermediate frequen-
cy (IF, Intermediate Frequency) signal, a local oscillation
inputting port 8 used for inputting a local oscillation (Lo,
Local Oscillation) signal, and a radio frequency outputting
port 9 used for outputting a radio frequency (RF, Radio
Frequency) signal.

[0034] Afirstdirect currentbias circuit 10 and a second
direct current bias circuit 11 are disposed on the side of
the intermediate frequency inputting port 7, where the
first direct current bias circuit 10 includes a direct current
bias voltage source 12 that is used for reducing a local
oscillation current and is marked as Vb1, and the second
direct current bias circuit 11 includes a direct current bias
voltage source 13 that is used for reducing the local os-
cillation current and is marked as Vb2.

[0035] Because two direct current bias circuits are dis-
posed, a problem of local oscillation leakage in the fre-
quency mixing circuit can be effectively solved.

[0036] The frequency mixing circuit further includes: a
90-degree bridge 14 and an orthogonal frequency mixer
15, where the orthogonal frequency mixer 15 includes a
first frequency mixing unit circuit 16, a second frequency
mixing unit circuit 17, and a combiner 18.

[0037] An input signal passes through the 90-degree
bridge 14 to generate a first input signal and a second
input signal, where the first input signal and the second
input signal are transferred to the first frequency mixing
unit circuit 16 and the second frequency mixing unit circuit
17 of the orthogonal frequency mixer 15, respectively;
and each of the first input signal and the second input
signal is mixed with a local oscillation signal, and an out-
put signal is generated after the mixed signals pass
through the combiner 18.

[0038] The frequency mixing circuitin this embodiment
is applicable to a manner for implementing frequency
mixing by using a field effect transistor FET shown in
FIG. 4, and is also applicable to a manner forimplement-
ing frequency mixing by using a diode shown in FIG. 5.
[0039] The field effect transistor FET may be equiva-
lent to a nonlinear resistor. A principle of the frequency
mixing circuitshown in FIG. 3 is analyzed in the following,
as shown in FIG. 6.

[0040] Itis assumed that a relation between a voltage
and a current across a nonlinear resistor satisfies the
following relation:
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-1 s k<7 (D),

where | represents a current across the nonlinear resis-
tor, Vrepresents a voltage across the nonlinear resistor,
and a,, represents a coefficient that indicates a device
feature. A total loop voltage source

Va =Vie*coswiot +Vir *coswrt + Vb (2),

where Va represents a voltage value of the total loop
voltage source, V| ,*cosw, .t represents a voltage value
of a local oscillation voltage source, V|*cosw gt repre-
sents a voltage value of an intermediate frequency volt-
age source, and Vb represents a voltage value of a direct
current bias voltage source.

[0041] Current values generated by the local oscilla-
tion voltage source, the intermediate frequency voltage
source, and the direct current bias voltage source may
be obtained by substituting formula (2) to formula (1).
[0042] A current value generated by the direct current
bias voltage source is: I, = fy.(aq,a0,...8, V) 0, Vie, V),
where /. represents the current value generated by the
direct current bias voltage source, and aq, as,...,a, rep-
resent coefficients of voltages across the nonlinear re-
sistor in formula (1).

[0043] A current generated by the local oscillation volt-
age source is: I, , = f; ,(@q,a0,....,85, V) 5, Vie, V),

[0044] Multiple voltage values V,, are set for the bias
voltage source, and /4. that corresponds to each voltage
value V, may be obtained through measurement. In com-
bination with constants V, , and Vg, the coefficient a, in
the expression of the nonlinear resistor may be obtained
by using a data-fitting method.

[0045] The obtained coefficient a,, in the expression of
the nonlinear resistor is substituted to f; ,(a4,as,...,a5, V| o,
ViE: Vp)-

[0046] A value of V,is calculated according to formulas

AN ORI /N /A T
av,

and

2
d |fLa(a1’a2’---’ak’VLo’V]F’Vb)|
2
dv,
V,, that is obtained through calculation can make a value

of |f; o] minimum. The |f;,| is minimum, that is, a local

oscillation current is minimum. If an external direct cur-
rentbias is set to the foregoing V, thatis obtained through

calculation, suppression of the local oscillation leakage

>0 wherethe
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in the frequency mixing circuit can be implemented.
[0047] Withthe frequency mixing circuitprovided in this
embodiment, a direct current bias circuit that is simpler
and is easier to be implemented is disposed; when a
voltage value of a bias voltage source of the direct current
bias circuit changes, a value of a local oscillation current
also changes correspondingly; and when the voltage val-
ue of the direct current bias voltage source is a certain
specified value, the value of the local oscillation current
can be reduced, thereby effectively reducing local oscil-
lation leakage of the frequency mixing circuit.

[0048] The frequency mixing circuit is implemented by
adopting the foregoing implementation manner, and sup-
pression of animage frequency is implemented by adopt-
ing an orthogonal phase cancellation technology, so that
single-sideband up conversion may be implemented.
[0049] As an improvement to this embodiment, to
make input power of an intermediate frequency port and
input power of a local oscillation port of the frequency
mixing circuit to be constants, as showninFIG.7, alevel
control circuit may further be disposed at each of the
intermediate frequency port and the local oscillation port
of the frequency mixing circuit, where output power of
the level control circuit is a constant.

[0050] The foregoing solution can make the input pow-
er of the intermediate frequency port and the input power
of the local oscillation port of the frequency mixing circuit
to be constants, thereby making a value of V,, and a
value of V¢ to be constants.

[0051] To facilitate measurement, as anotherimprove-
ment to this embodiment, the direct current bias circuit
may further include a galvanometer used for measuring
a bias current of the direct current bias circuit, as shown
in FIG. 7.

[0052] Temperature drift may cause change of an in-
ternal junction potential of a device, which is equivalent
to that an additional voltage source that drifts with tem-
perature is added to Vb. The voltage source is set to
Voffset. If an offset voltage at normal temperature is
maintained in a high or low temperature environment, an
actual equivalent bias voltage is Vb+Voffset, which may
affect the effect of suppressing local oscillation leakage
in the case of temperature drift.

[0053] Because arelation among a direct current bias
current |, a direct current bias voltage Vb, and a local
oscillation current llo remains unchanged while Vb is a
variable, only if | is constant, the local oscillation current
can be stable, and the effect of suppressing local oscil-
lation leakage can remain unchanged.

[0054] AsshowninFIG. 7, the frequency mixing circuit
includes two direct current bias circuits provided in the
foregoing embodiment, which are marked as a first direct
current bias circuit and a second direct current bias cir-
cuit. A bias voltage source in the first direct current bias
circuit is marked as Vb1, and a bias voltage source in
the second direct current bias circuit is marked as Vb2.
Values of direct current bias currents of the first direct
current bias circuit and the second direct current bias
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circuit at normal temperature are recorded as /1,
and 12,54 When temperature deviates from the normal
temperature, that is, the temperature becomes high or
low, direct current bias voltages Vb1 and Vb2 are adjust-
ed, and differences between currents actually measured
in cases of high and low temperature and direct current
bias currents at the normal temperature, that is, a differ-
ence between I1 and /1,5 @and a difference between
12 and 12,,,,,,,5 @re negatively fed back to drive the direct
current bias voltages Vb1 and Vb2, so that the impact
imposed on the effect of suppressing local oscillation
leakage due to the change of high or low temperature is
reduced.

[0055] Itis assumed that a time step of an adjustment
interval is u, u, that is, a coefficient updating step, may
be preset as required, an error of a direct current bias
current is error, and an expression of the error of the
direct current bias circuit may be:

error=1-1,, . . (4)

[0056] A feedback iterative formula of a direct current
bias voltage is:

V,(n)=V,(n—-1)+u*error

(5).

[0057] That is, Vyp(n)=Vy(n-1)+u*(l-l,0ma), Where Vjp
(n) represents a voltage value of the direct current bias
voltage source in an nth time period, V,(n-1) represents
a voltage value of the direct current bias voltage source
in an (n-1)th time period, u represents a coefficient up-
dating step, / represents a bias current value measured
in the nth time period, and /., fepresents abias current
reference value.

[0058] As a preferred implementation manner of this
embodiment, one capacitor may further be disposed be-
tween the 90-degree bridge and the first frequency mix-
ing unit circuit, one capacitor may further be disposed
between the 90-degree bridge and the second frequency
mixing unit circuit, one capacitor may further be disposed
between the first frequency mixing unit circuit and the
combiner, and one capacitor may further be disposed
between the second frequency mixing unit circuit and the
combiner.

[0059] Coupling of direct currents between the first fre-
quency mixing unit circuit and the second frequency mix-
ing unit circuit that are orthogonal is avoided by using a
feature that the capacitor can block a direct current.
[0060] To better suppress local oscillation leakage of
the frequency mixing circuit, the first frequency mixing
unit circuit and the second frequency mixing unit circuit
may also be frequency mixers having the same resistiv-
ity.

[0061] The frequency mixing circuitin this embodiment
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may also be equivalent to the circuit shown in FIG. 6, and
therefore, a value of a local oscillation current can be
reduced, thereby effectively reducing the local oscillation
leakage of the frequency mixing circuit.

[0062] Withthefrequency mixing circuitprovided in this
embodiment of the present invention, that a microwave
filter is used at an outputting port of an up converter is
avoided, and the difficulty of implementation is lowered,
so that a frequency mixer may be monolithically integrat-
ed with another device. Furthermore, in the solution of
this embodiment of the present invention, a device with
better frequency selectivity is not used, thereby improv-
ing the frequency extension capability of the up convert-
er.

[0063] An embodiment of the present invention pro-
vides a method for suppressing local oscillation leakage
in a frequency mixing circuit, where the frequency mixing
circuitincludes a direct current bias circuit, and as shown
in FIG. 8, the method includes the following steps:

[0064] 801: Calculate avalue of V,by usingacomputer
program according to formulas
d | fyo (@@ Vi Vg V)0
v,
2
d’|fo@, a0, V3, Vi V)
3 >0 where
d'v,

2

V,, represents a voltage value of a direct current bias
voltage source, aq,a,,...,a, represent coefficients of volt-

age values in a relation between a current and a voltage
across a nonlinear resistor, k represents a non-zero nat-
ural number, V|, represents a voltage value of a local

oscillation voltage source, V| represents a voltage value
of an intermediate frequency voltage source, and |f; |

represents a value of a local oscillation current.

[0065] 802: Set a voltage value of a voltage source of
the direct current bias circuit to V,, by using a computer
program.

[0066] With the method for suppressing local oscilla-
tion leakage in a frequency mixing circuit provided in this
embodiment, a direct current bias circuit that is simpler
and is easier to be implemented is disposed in the fre-
quency mixing circuit; when a voltage value of a bias
voltage source of the direct current bias circuit changes,
a value of a local oscillation current also changes corre-
spondingly; and when the voltage value of the direct cur-
rent bias voltage source is a certain specified value, the
value of the local oscillation current can be reduced,
thereby effectively reducing local oscillation leakage of
the frequency mixing circuit.

[0067] As animprovementto this embodiment, an em-
bodiment of the presentinvention provides another meth-
od for suppressing local oscillation leakage in a frequen-
cy mixing circuit, where the frequency mixing circuit in-
cludes a direct current bias circuit, and as shown in FIG.
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9, the method includes the following steps:

[0068] The frequency mixing circuitin this embodiment
is applicable to a manner for implementing frequency
mixing by using a field effect transistor FET, and is also
applicable to a manner for implementing frequency mix-
ing by using a diode.

[0069] The field effect transistor FET may be equiva-
lent to a nonlinear resistor.

[0070] 901: Calculate a formula for calculating a value
of alocal oscillation current, where only the voltage value
V,, of a direct current bias voltage source in the formula
is a variable, that is, Calculate I, , = f; ,(a¢,85,....a5, V),
ViEVi)-

[0071] Itis assumed that a relation between a voltage
and a current across the nonlinear resistor satisfies the
following relation:

-1 s k<7 (D),

where | represents a current across the nonlinear resis-
tor, Vrepresents a voltage across the nonlinear resistor,
and a,, represents a preset coefficient.

[0072] A total loop voltage source

Va =Vie*coswiot +Vir *coswwt +Vb (2),

where V, represents a voltage value of the total loop
voltage source, V| ,*cosw, .t represents a voltage value
of a local oscillation voltage source, V|*cosw gt repre-
sents a voltage value of an intermediate frequency volt-
age source, and Vb represents a voltage value of a direct
current bias voltage source.

[0073] Current values generated by the local oscilla-
tion voltage source, the intermediate frequency voltage
source, and the direct current bias voltage source may
be obtained by substituting formula (2) to formula (1).
[0074] A current value generated by the direct current
bias voltage source is: I, = fy.(a4,a2,....8.V 0. ViF. V),
where /. represents the current value generated by the
direct current bias voltage source, and a4,ay,...,a, repre-
sent coefficients of voltages across the nonlinear resistor
in formula (1).

[0075] A current generated by the local oscillation volt-
age source is: I, = f; ,(a1,82,....81 V 0: VI, Vp)-

[0076] Multiple voltage values V,, are set for the bias
voltage source, and I, V,,, and V| that correspond to
each voltage value V,, may be obtained through meas-
urement. The coefficient a,, in the expression of the non-
linear resistor may be obtained by using a data-fitting
method.

[0077] The formula for calculating the value of the local
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oscillation current /,, = f; ,(a¢,a5,..., @,V o, V|5, V) may
be obtained by substituting the obtained coefficient a, in
the expression of the nonlinear resistor to f; ,(a4,as,...,a,
V| 0:ViE. V). Only the voltage value V), of the direct current
bias voltage source in the formula is a variable.

[0078] 902: Calculate a value of V, according to
e @@t Ve Vi V|
v,
2
1@t Vi Vi V)|
and > >
d’v,

b
where V/, represents the voltage value of the direct cur-

rent bias voltage source, aq,ao,...,a, represent coeffi-

cients of voltage values in a relation between a current
and a voltage across the nonlinear resistor, k represents
a non-zero natural number, V|, represents the voltage

value of the local oscillation voltage source, Vg repre-

sents the voltage value of the intermediate frequency
voltage source, and f;(a4,8s,....@), V) o, V|5, V) repre-
sents the value of the local oscillation current.

[0079] This step may be implemented by using a com-
puter program, a manual manner, or a single-chip micro-
computer.

[0080] 903: Record a bias current value /5,5 When
the voltage value of the voltage source of the direct cur-
rent bias circuit is set to V.

[0081] 904: Obtain a bias current value / of the direct
current bias circuit in a current time period.

[0082] 905: Calculate V,(n)=Vy(n-1)+u*(I-,omal
where V,(n) represents a voltage value of the direct cur-
rent bias voltage source in an nth time period, V,(n-1)
represents a voltage value of the direct current bias volt-
age source in an (n-1)th time period, u represents a co-
efficient updating step, / represents a bias current value
measured in the nt time period, and /,,,,,,,; represents
a bias current reference value.

[0083] 906: Reset the voltage value of the bias voltage
source of the direct current bias circuit in the current time
period to V(n).

[0084] With the method for suppressing local oscilla-
tion leakage in a frequency mixing circuit provided in this
embodiment, a direct current bias circuit that is simpler
and is easier to be implemented is disposed in the fre-
quency mixing circuit; when a voltage value of a bias
voltage source of the direct current bias circuit changes,
a value of a local oscillation current also changes corre-
spondingly; and when the voltage value of the direct cur-
rent bias voltage source is a certain specified value, the
value of the local oscillation current can be reduced,
thereby effectively reducing local oscillation leakage of
the frequency mixing circuit.

[0085] Through the foregoing description of the em-
bodiments, persons skilled in the art may clearly under-
stand that the present invention may be implemented by



13 EP 2 685 629 A1 14

software plus necessary universal hardware, and defi-
nitely may also be implemented by hardware, butin many
cases, the software implementation manner is preferred.
Based on such understanding, the technical solutions of
the present invention essentially, or the part contributing
to the prior art may be implemented in the form of a soft-
ware product. The computer software product is stored
in areadable storage medium, for example, a floppy disk,
a hard disk, or an optical disk of a computer, and includes
several instructions for instructing a computer device
(which may be a personal computer, a server, a network
device, and so on) to execute the methods described in
the embodiments of the present invention.

[0086] The foregoing description is merely about ex-
emplary embodiments of the presentinvention, but is not
intended to limit the protection scope of the present in-
vention. Any variation or replacement readily figured out
by persons skilled in the art within the technical scope
disclosed in the present invention shall all fall within the
protection scope of the present invention. Therefore, the
protection scope of the presentinvention shall be subject
to the protection scope of the appended claims.

Claims

1. A frequency mixing circuit, comprising: a direct cur-
rent bias circuit, wherein the direct current bias circuit
comprises a direct current bias voltage source used
for reducing a local oscillation current.

2. The frequency mixing circuit according to claim 1,
wherein a voltage value of the direct current bias
voltage source is obtained through calculation ac-

cording to formulas
d [y, (@1: 0 es Vi Vi V)|
= and
dv,
2
1fy, @tV Vi V)|
av,

2

wherein V,, represents the voltage value of the direct
currentbias voltage source, aq,ay,...,a,represent co-
efficients of voltage values in a relation between a
current and a voltage across a nonlinear resistor, k
represents a non-zero natural number, V,, repre-
sents a voltage value of a local oscillation voltage
source, Vg represents a voltage value of an inter-
mediate frequency voltage source, and f; ,(a4,as,...,
a, V., Vir V) represents a value of a local oscilla-
tion current.

3. The frequency mixing circuit according to claim 1,
wherein the frequency mixing circuit further compris-
es an intermediate frequency inputting port, a local
oscillation inputting port, and a radio frequency out-
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putting port; and the direct current bias circuit is dis-
posed at the intermediate frequency inputting port
side, or the local oscillation inputting port side, or the
radio frequency outputting port side.

The frequency mixing circuit according to any one
of claims 1 to 3, wherein the frequency mixing circuit
further comprises: a 90-degree bridge and an orthog-
onal frequency mixer, wherein the orthogonal fre-
quency mixer comprises a first frequency mixing unit
circuit, a second frequency mixing unit circuit, and a
combiner; and

an input signal passes through the 90-degree bridge
to generate a first input signal and a second input
signal, wherein the first input signal and the second
input signal are transferred to the first frequency
mixing unit circuit and the second frequency mixing
unit circuit of the orthogonal frequency mixer, re-
spectively; and each of the first input signal and the
second input signal is mixed with a local oscillation
signal in the first frequency mixing unit circuit and
the second frequency mixing unit circuit, and an out-
put signal is generated after mixed signals pass
through the combiner.

The frequency mixing circuit according to claim 4,
wherein one direct current bias circuit is disposed at
an intermediate frequency inputting port of the first
frequency mixing unit circuit and one direct current
bias circuit is disposed at an intermediate frequency
inputting port of the second frequency mixing circuit.

The frequency mixing circuit according to claim 5,
wherein a level control circuit is disposed at each of
an intermediate frequency port and a local oscillation
port of the frequency mixing circuit, the level control
circuit is used to make input power of the intermedi-
ate frequency port and input power of the local os-
cillation port of the frequency mixing circuit to be con-
stants.

The frequency mixing circuit according to claim 6,
wherein the direct current bias circuit further com-
prises a galvanometer used for measuring a bias
current of the direct current bias circuit.

The frequency mixing circuit according to claim 1,
wherein a voltage value of the direct current bias
voltage source V,(n)=V,(n-1)+u*(I-l,orman), Wherein
V,(n) represents a voltage value of the direct current
bias voltage source in an nth time period, V(n-1)
represents a voltage value of the direct current bias
voltage source in an (n-1)t" time period, u represents
a coefficient updating step, / represents a bias cur-
rentvalue measured in the nth time period, and /.,
represents a bias current reference value.

The frequency mixing circuit according to claim 4,
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wherein one capacitor is disposed between the 90-
degree bridge and the first frequency mixing unit cir-
cuit, one capacitor is disposed between the 90-de-
gree bridge and the second frequency mixing unit
circuit, one capacitor is disposed between the first
frequency mixing unit circuit and the combiner, and
one capacitor is disposed between the second fre-
quency mixing unit circuit and the combiner.

The frequency mixing circuit according to claim 4,
wherein the first frequency mixing unit circuit and the
second frequency mixing unit circuit are frequency
mixers having same resistivity.

A method for suppressing local oscillation leakage
in a frequency mixing circuit, wherein the frequency
mixing circuit comprises a direct current bias circuit,
and the method comprises the following steps:

calculating a value of V, according to formulas

A1 £ (@, Vi Vi VD

dv,

and

E|fy st Vo Ve V|
dv,

b
wherein V, represents a voltage value of a direct

current bias voltage source, ay,a,,...,a, repre-

sent coefficients of voltage values in a relation
between a current and a voltage across a non-
linear resistor, k represents a non-zero natural
number, V, ,represents avoltage value ofalocal

oscillation voltage source, V- represents a volt-
age value of an intermediate frequency voltage
source, and f;(a4,8g,....@5,V} o, V|, V) repre-
sents a value of a local oscillation current; and
setting a voltage value of a voltage source of the
direct current bias circuit to V.

The method for suppressing local oscillation leakage
in a frequency mixing circuit according to claim 11,
wherein the method further comprises:

recording a bias current value /..., when the
voltage value of the voltage source of the direct
current bias circuit is set to V,;

obtaining a bias current value / of the direct cur-
rent bias circuit in a current time period;
calculating V,,(n)=V,(n-1)+u*(I- ,5;man), Wherein
V,(n) represents a voltage value of the direct
current bias voltage source in an nth time period,
V,(n-1) represents a voltage value of the direct
current bias voltage source inan (n-1)th time pe-
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riod, u represents a coefficient updating step, /
represents a bias current value measured in the
nthtime period, and /,,,,, Fepresents a bias cur-
rent reference value; and

setting the voltage value of the bias voltage
source of the direct current bias circuit in the
current time period to V(n).
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Calculate a voltage value of a direct current bias voltage

source, where the voltage value of the direct current bias |_~ 801

voltage source can make a value of a local oscillation
current in a frequency mixing circuit smaller

Set a voltage value of a voltage source of a direct current / 802
bias circuit to the voltage value of the direct current bias
voltage source, where the voltage value of the direct
current bias voltage source is obtained through calculation
and can make the value of the local oscillation current in
the frequency mixing circuit smaller
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Calculate a formula for calculating a value of a local oscillation current, where only the
voltage value of a direct current bias voltage source in the formula is a variable

l

Set a voltage value of a voltage source of a direct current bias circuit to a voltage value

of a direct current bias voltage source by using a computer program, where the voltage

value of the direct current bias voltage source is obtained through calculation and can
make the value of the local oscillation current in a frequency mixing circuit smaller

/

l

Record a bias current value when the voltage value of the voltage source of the direct
current bias circuit is in a normal temperature status

/

‘

Obtain a bias current value of the direct current bias circuit in a current time period

!

Calculate a voltage value of the direct current bias voltage source in the current time
period, where the voltage value of the direct current bias voltage source has undergone
error correction

/

L

Reset the voltage value of the bias voltage source of the direct current bias circuit in the
current time period to the voltage value of the direct current bias voltage source, where
the voltage value of the direct current bias voltage source has undergone error
correction

FIG. 9
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